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IMAGE-GIHDED FRACTURE REDUCTION 



CROSS-REFERENCE TO RELATED APPLICATION 
This appKcation claims priorily to U.S. Provisional AppKcation No. 60/355,886 
5 entitled ''Image-Guided Fracture Reduction" filed on February 1 1, 2002, the contents of 
which are incorporated herein by reference. 

TECHNICAL FIELD 
The invention is directed to treating skeletal fractures. More specifically, products 
10 and methods for reducing fractures with the aid of image guidance are disclosed. 



BACKGROUND OF THE INVENTION 
Fracture fixation of long bones such as the femnr, tibia, humerus, fibula, or other long 
bones is challenging because of the difficulty of properly aligning and then securing fi^ctured 
15 bone segments in place to allow the bone to heal. One very effective means of securing such 
fractures is intramedullary nailing. Intramedullary nailing is well-known in the art and 
essentially entails aligning two or more segments of bone that result from a fracture about a 
rod or nail that fits down the medullary canal of the fractured bone. Various techniques for 
intramedullary nailing are discussed in U.S. Pats. Nos. 5,951,561 and 6,010,506, which are 
20 hereby incorporated by reference. 

Whether fixation is by intramedullary nailing or by some other means, the 
repositioning of the segments of a long bone fracture {fracture reduction) is one of the most 
challenging aspects of fracture fixation. The contraction of soft tissue subsequ^t to a 
fiiacture tends to shorten the fractured limb and place flie firactured segments of the bone out 
25 of alignment relative to each other. Repositioning these segments to restore anatomic 
alignment can be very challenging. 

One technique for realigning fractured bones comprises the use of a firacture table to 
first distract a limb back to its original lengfli. When a patient is positioned and secured on 
the fi:acture table, a surgeon may then manipulate segments laterally to realign the segments. 
30 However, firacture tables are expensive and many surgeons do not use them due to cost, 
availability, or the limitations of having a patient fixed in one position. Multiple intra- 
operative x-ray or fluoroscopic images may need to be taken to assure alignment of the 
segments in all planes. Additionally, a firacture may continue to shift out of alignment as 
fixation is applied. 
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Another mefliod for ftacture reduction includes flie attachment of an external 
distraction device to the bone via bone pins that pass through soft tissue and attach to the 
bone. These types of devices aUow a surgeon to turn a threaded knob or other actuator and 
pull a ftacture apart. Once distracted, repositioning is then accompUshedby manual, physical 
manipulation of the Umb. Once again, multiple intra-operatrve x-ray or fluoroscopic images 
may be necessary to assure proper leaUgmnent of the segments, and segments may shift out 
of alignment as fixation is applied. 

Another method for fracture repositioning or reduction is through the use of flie 
Internal Fracture Reduction Device manufectured by Smith & Nephew. Inc. This device is 
inserted into a portion of the fractured long bone and allows manipulation of a segment of the 
fractured bone. However, such a device must be faserted over a guide rod that has already 
been placed throu^ the medullary canal of all fractured bone segments. Therefore, 
placement of the guide rod first requhes at least adequate fracture aligmnent to place the 
guide rod through the realigued medullary canaL 

Smith & Nephew, Inc. also manufactures a reducer for use with its TRIGEN™ brand 
mtramedullary naihng system. As shown in Figure 1, flie reducer 100 is an elongated, 
cannulatBd tube 101 wifli a coraiector 102 for attaching a handle 103. The inner diameter of 
Ibe tube 101 is large enough to accommodate flie passage of a guide rod (not shown). The 
outer diameter of the tube 101 is small enough to be inserted into a long bone without 
reammg the bone. The tube 101 is typically formed to the same shape as the intrameduDaiy 
nail that wiU subsequently be mylanted in the bone. Tlie distal tip of the tube 101 mcludes a 
finger 104 that is bent up slightly. TWs finger 104 serves several purposes. 

First, flie finger 104 can be used to deflect a guide rod as flie end of the guide rod 
passes the end of flie tube 101. SpecificaUy, the guide rod may be deflected m a desired 
direction by rotatmg the reducer 100 such that flie distal end of the finger 104 is pointed m 
flie desired direction. Second, the finger 104 places resistance on a guide rod fliat passes into 
or flirough the finger 104. thereby holdmg fte guide rod in position relative to flie reducer 
100 by friction. Third, flie curved tip of the finger 104 allows the reducer 100 to be pushed 
smooflily through the medullary canal of a pnadmal segment and mto a distal segment 
While flie TRIGEN'** system reducer has significant advantages, multiple intca-operative x- 
ray. fluoroscopic, or other such images must still be used to assure proper alignment of the 
segments in all planes as flie reducer 100 is inserted. 

Several manufectures currenfly produce image-guided surgical navigation systems 
that are used to assist m performmg surgical procedures. ITie TOEON™ and iON™ systems 
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with FLUORONAV™ software mami&ctured by Medtronic Sutgical Navigation 
Technologies, Inc. are examples of such systems. Systems and methods for accomplishing 
image-guided surgeiy are also disclosed in USSN 60/271,818 filed February 27, 2001, 
entitled Image Guided System for Arthroplasty, which is incorporated herein by reference as 
5 are all documents incorporated by reference therein. Further image-guided surgery devices, 
systems, and methods are disclosed in a provisional application entitled SURGICAL 
NAVIGATION SYSTEMS AND PROCESSES, Application Serial No. 60/355,899, filed on 
February 11, 2002, hereby incorporated by this reference. 

The Medtronic systems use fluoroscopic imaging to capture anatomical characteristics 

10 and infirared cameras that detect certain targets placed in the surgical field to track 

instruments and anatomy. As used herein, an infiured camera can be any type of sensor or 
detector that is capable of sensing or detecting light of an in&ared wavelength. Any number 
and orientation of so-called targets, fiducials, flames, markers, indicia, or any other desired 
location-assisting functionality ("references") can be used as targets to be detected by an 

1 5 imaging system or sensor. O&er imaging or data capture systems such as CT, MRI, visual, 
sonic, digitized modeling, traditional x-ray equipment, or any other e£fective system or 
technique which has the capacity to image bone or other desired structures or tissue in the 
body can be used. Such systems generally include transducer functionality for emitting 
energy or otherwise performing sensing or location of objects and anatomical stmcture, a 

20 processor, mass memory storage, input/output ftmctionality to control and direct operation of , 
the system, and at least one monitor or other visual output functionality for rendering images 
that may be constructed by the system, whether or not in combination with images obtained 
fix>m the transducer in real time. ^ 

Such systems typically combine processes and functionality for obtaining, storing, 

25 manipulating and rendering images of internal body structure with fiinctionality that senses, 
stores, manipulates and virtually rendera representations of components or objects such as 
instrumentation, trial components^ surgical tools and other objects. The systems can then 
generate and display representations of the objects in combination with images of the body 
structure or tissue. Such combination renderings can be created using real time imaging of 

30 the body structure or tissue, or the system can obtain appropriate imaging of such stmcture or 
tissue and later computer generate and display renderings of it The Medtronic systems, for 
instance, require the use of references attached to the anatomy, typically in a rigid fashion, 
such as to bone structure. The system tracks movement of the reference in three dimensions 
and then generates images of the bone structure's corresponding motion and location. 
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The references on Ihe anatomy and fte mstniments either emit or reflect infrared Hght 
that is then dete«jl©d by an infrared camera. Tbs references may be sensed actively or 
passively by infrared, visual, sound, magnetic, electromagnetic, x-ray, or any otter desired 
technique. An active reference emits energy, and a passive reference merely reflects energy. 

5 In some embodnnents, the references have at least three, but usually four, markers that are 
traclEBd by an infrared sensor to determme the orientation of the reference and thus the 
geometry of fte mstrument, implant component or other object to which the reference is 
attached. References have been attached to surgical and implant devices such as 
instrumentation, trial instruments, and the like. For example, references have been attached 

10 to probes, instruments for placing acetabular cups and trial implants, driU guides, and cutting 
blocks. 

The Medtronic imaging systems allow references to be detected at the same time the 
fluoroscopy imagmg is occurring. Therefore, the position and orientation of the references 
may be coordmated with the fluoroscope imaging. Then, after processing position and 
1 5 orientation data, the references may be used to track the position and orientation of 

anatomical features that were recorded fluoroscopically. Computer-generated images of 
insfxomentation. components, or otter stmctures that are fitted witt references may be 
superimposed on tte fluoroscopic images. The instrumentation, trial, implant or otter 
structure or geometry can be displayed as 3-D models, outline models, or bone-implant 

20 inter&ce sur&ces. 

Current systems and techniques do not provide for effective image-guided reduction 
of fractures. Improved products and mettods would include structures and techniques for 
guiding a reducer through tte medullary canals of two or more bone segments ttat have been 
created by a fracture of a bone. Improved products and mettods would also provide for 

25 reduced numbers of x-ray, fluoroscopic, or otter images, and would not necessitate pre- 

operative imaging or surgical procedures prior to tte primary procedure. Furtter, improved 
products and mettods would allow alignment of bone segments to occur using images of at 
least one of the bone segments in combination witt images of one or more implements, 
instruments, trials, guide wires, nails, reducera and otter surgically related items, which are 

30 properly positioned and oriented in tte imag^ relative to tte bone segments. Furtter, 
improved products and mettods would provide for updated monitoring of bone segment 
positions, and tterefore, rapid aUgnment of bone segments. 
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SUMMARY 

An embodiment according to certain aspects of the invention is a metiiod of aligning 
segments of a fractured bone. The method involves attaching references to at least two 
5 segments of a fractured bone and to a reducer. The position and orientation of at least two of 
the references are recorded, and the position and orientation of one or more of the segments 
of the fractured bone and in some embodiments, the reducer, are recorded. Each of the 
respective segments or reducer is located relative to a respective reference. The reducer is 
inserted into a medullary canal of one of the segments, and the reducer is aligned with a 
10 representation of another of the segmmts. The reducer is liien inserted into a medullary canal 
of that segment 

Another embodiment according to certain aspects of the uivention is a method of 
enabling reduction of a fractured bone by virtually representing at least one fr:actured segment 
of the bone and virtually representing an instrument for aligning two or more segments. The 
1 5 position and orientation of a first segment of the bone is recorded and that first segment is 
tracked. The position and orientation of flie instrument for aligning the segments is recorded 
and tracked as well. If alignment has been achieved such that the instrument may be engaged 
with the first segment and a second segment, an indication is provided to a user tturougih a 
virtual repres^itation. 

20 Still another embodiment according to certain aspects of the invention is an 

instrument operable with an image-guided surgical navigation system for aligning fractured 
segments of a bone. The instrument may include at least an elongated body and a reference 
coupled to the elongated body for enabling the instrument to be located by the image-guided 
surgical navigation system* The reference may have a predefined physical relationship with 

25 the elongated body such that by observing the position and orientation of ttie reference 

relative to at least one of the fixictured segments, flie position and orientation of the elongated 
body relative to at least one of flie fractured segments can be determined. 

Yet another embodiment according to certain aspects of the invention is a system for 
enabling reduction of a fisictured bone. The system is operable to virtually represent at least 

30 one fractured segm^t of the bone and virtually represent an instrument for aligning the at 
least one fractured segmeait. The system includes a first reference coupled to the at least one 
fractured segment, and a second reference coupled to the instrument. Hiis embodiment 
includes a detector operable to collect position and orientation information regarding the at 
least one fractured segment and the instrument, and a data processing device operable to store 

5 
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position and orientation infoimation about the at least one fiBctuied segment and the 
instrument, and to calculate virtual positions of the at least one fiactured segment and the 
instroment based upon iiq>uts from the detector. An indicator device for notifying a user of 
tihe relative positions of the at least one fiactured segment and the instrument is also provided. 
5 Yet a further embodiment according to certain aspects of tiie invention includes 

methods, instruments, and systems as described above, wherein the instrument enabling 
reduction or aligmnent of a fiactured bone is a flexible reducer. The flexible reducer may be 
an elongated body with an at least partially flexible portion having one or more location 
elCTients associated with the flexible body. The one or more location elements can be 

10 provided on the flexible portion in order to assist determining the physical relationship of at 
least certain parts of the flexible portion witii respect to a reference, a bone segment, or the 
surgical table. The at least partially flexible portion may finrther be provided with a feature or 
features that impart at least partial rigidity to the reducer. 

According to one embodiment of the present invention there is provided an instrument 

IS operable witii an image-guided surgical navi^on system for aligning fiiactured segments of 
a bone comprising: an elongated body; and a referrace coupled to the elongated body for 
enabling the instrument to be located by the image-guided surgical navigation system; 
characterised in that the reference has a predefined physical relationship with the elongated 
body such that by observing the position and orientation of the reference relative to one or 

20 more of the fiactured segments, the position and orimtation of the elongated body relative to 
one or more of tire fi:actured segments can be determined. 

According to another embodiment of the present invention there is provided a system 
for enabling reduction of a fiactured bone cyperable to virtually represent at least one fiactured 
segment of the bone and virtually represent an instrument for aligning the at least one 

25 fi:actured segment comprising: a first reference coupled to the at least on fi:actured segment; a 
second reference coupled to the instrument a detector operable to collect position and 
orientation information regarding tiie at least one fiactured segment and the instrument; a 
data processing device operable to store position and orientation information about the at 
least one fiactured segment and the instrument, and to calculate virtual positions of the at 

30 least one fiactured segment and the instrument based upon inputs fiom the detector and an 
indicator device for notifying a user of the relative positions of the at least one fiactured 
segment and the instrument. 

According to still a furlher embodiment of tiie present invention, there is provided a 
method of aligning segments of a fiactured bone comprising: inserting a reducer operable to 
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align segments of a fractured bone into a medullary canal of a second segment of fiactured 
bone; attaching a first reference to a first segment of a firactured bone; recording a position 
and orientation of the first reference relative to a first datum; recording a position and 
orientation of the first segment relative to a second datum; locating the first segment relative 
to the first reference; attaching a reducer reference to the reducer; recording a position and 
orientation of the reducer reference relative to a third datum; locating the reducer relative to 
the reducer reference; aligning the reducer with a representation of the first segment; and 
inserting fhe reducer into a medullary canal of tiie first segment, characterised in that the 
reducer is used to assist aligning the segments of the firactured bone. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a prior art reducer. 

Figure 2 is a perspective view of an embodiment of a navigated reducer and a 
segment of bone with an attached reference according io certain aspects of the invention. 
15 Figure 3 is a perspective view of a segment of bone with an attached reference 

according to certain aspects of the invention, where the segment of bone contains an 
intramedullary nail. 

Figure 4 is an elevation view of an embodiment of a navigated reducer according to 
certain aspects of the invention. 
20 Figure 5 is a side elevation view of the navigated reducer of Figure 4. 

Figure 6 is an elevation view of a bracket according to certain aspects of the invention 
used in embodiments of the navigated reduce:. 

Figure 7 is a side elevation view of the bracket of Figure 6. 
Figure 8 is a cross-section view taken though the bracket of Figure 7. 
25 Figure 9 is an enlarged elevation view of the proximal end of the navigated reducer of 

Figure 4. 

Figure 1 0 is a side elevation view of tiie proximal end of Figure 9. 
Figure 1 1 is a cross-section view taken through the proximal end of Figure 10. 
Figure 12 is an elevation view of an embodiment of a navigated reducer according to 
30 certain aspects of the invention being used to reduce a fractured humerus bone. 

Figure 13 is an elevation view of an embodiment of a navigated reducer according to 
certain aspects of tiie invention being used to reduce a subtrocanteric firacture in a femur. 
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Figure 14 is an elevation view of an embodiment of a navigated reducer according to 
certain aspects of the invention with a curved elongated body and an adjustable bracket for 

supporting a reference. 

Figure 1 5 is an elevation view of an embodiment of a navigated reducer according to 
5 certain aspects of ttie invention wifli a straight elongated body and an adjustable bracket for 

supporting a reference. 

Figure 16 is an elevation view of an «anbodiment of a navigated reducer according to 
certain aspects of the invention with a straight elongated body and a fixed bracket for 
supporting a reference. 

10 Figure 17 is a perspective view of an active navigated drill guide and a segmcait of 

bone with an attached reference according to certain aspects of the invention. 

Figure 18 is an elevational view of various fingers or ends of embodiments of a 
navigated reducer according to certain a^iecte of the invention. 

Figure 19 is a perspective vfew of a segment of bone witii an attached reference 
1 5 according to certain aspects of tiie invention. 

Figure 20 is a perspective view of a segment of bone witii an attached reference 
according to certain aspects of tiie invention, where the segment of bone contams an 
intramedullary nail. 

Figure 21 is a plan view of an at least partially flexible reducer according to certain 
20 aspects of tiie invention with location elwnents positioned on tiie elongated body. 

DETTAILED DESCRIPTION 

Figure 2 shows an instrument 10 according to certain aspects of tiie invoition 
operable with an nnage-guided surgical navigation system. As described above, an image- 

25 guided surgical navigation system can be any of a variety of systems tiiat capture anatomical 
characteristics and/or otiier references connected to flie body and/or otiier surgical devices 
and/or other sliuctures associated with a reference. Such a system tiien tracks parts of flie 
bo^ and flie surgical devices relative to one anotiier. Generally, reference to a system as 
•Hmage-guided" means fliat flie system jwoduces ima^ by which surgical navigation 

30 information is conveyed to flie user. For example, a computer display showing virtual 

representations of an instrument and its relationship wifli a bone is considered one example of 
an image-guided system. As shown in Figure 2, flie position and orientation of mstrument 10 
are being recorded by placmg fingtsr 14 on a portion of a bone reference 1 5. As shown, flie 
bone reference 15 is connected to an upper proportion 16 of a femur. The instrument 10 may 

8 
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be used to align fractured segments of a bone such as the upper portion 1 6 of a femur and a 
lower portion 20 of the femur shown in Figure 3. 

As illustrated in Figure 2, instnmient 10 includes an elongated body 1 1 and a 
reference 12 that is coupled to the elongated body 1 1 . Figure 4 shows elongated body 1 1 in 
5 one embodiment of the invention. As shown, the elongated body 1 1 is tubular or in similar 
terminology, cannulated. In oftier embodhnents, the elongated body 1 1 may be solid. 
Figures 2 and 12 illustrate an elongated body 1 1 greater than half the greatest length of the 
fractured bone 25. In other embodiments such as shown in Figure 13, the elongated body 1 1 
may be less than or equal to half the greatest length of the fractured femoral bone 26. The 

1 0 condition of being less than or equal to half the greatest length is not Innited to association 
with the femur, but can be with regard to any bone. The elongated body 1 1 may be curved as 
shown in Figure 14 or substantially straight as shown in Figures 15 and 16. The elongated 
body 1 1 shown in Figures 2 and 4 has substantially the same curvature as an implant 21 (for 
example, the implant shown in Figure 3). Implant 21 may be used to fix bone segments such 

15 as upper portion 1 6 and lower portion 20 in place. The intramedullary reduction device may 
be bent to follow the shape of whatever implant is used for fixation: IM nails, IM rods, IM 
hip screws, etc. This has the benefit of positioning the segments in the same position as the 
subsequent fixation device. However, less exact bends in the elongated body 1 1 may also be 
beneficial. 

20 The reference 12 enables the instrument 10 to be located by an image-guided surgical 

navigation system. As illustrated in Figure 2, reference 12 is coupled to the elongated body 
1 1 in a predefined physical relationship. Figures 4-1 1 show one embodiment of a stracture 
for coupling the reference 12 to the elongated body 1 1 . As illustrated, a bracket 30 is rigidly 
afBbced near a proximal end 17 of the elongated body 1 1 . As best seen in Figures 6-8, a 

25 dovetail mount 3 1 is located at one end of the bracket 30. The dovetail mount 3 1 is designed 
to be received by a reference 12 that has a mating dovetail opening (not shown). 

Bracket 30 is shown as adapted to slide over proximal end 17 of elongated body 11. 
Although not shown, it is understood fliat the bracket may alternatively be a clamp that opens 
and closes to secure elongated body 1 1 or any other attachment device or stmcture suitable 

30 for attaching components to each other. Those skilled in the art will understand that any 

member that can rigidly attach reference 12 to instmment 10 is considered a 'Tjrackef' within 
tiie scope of this invention. 

Another embodiment of this invention provides a reference 12 havmg an integral 
attachment stracture (not shown). Attachment stracture may be a bractet integrally formed 
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with reference 12 or any oAer connection element that will achieve secuiement of reference 
12 to instrument 10. 

Figures 14 and 15 show articulating brackets 32 releasably movably coupled with 
elongated body 1 1 . With such a feature, &e instrument 10 can be effectively used on either 
5 side of the patient by moving Ihe articulating bracket 32 among two or more predetermined 
positions. In some embodiments, the instrument 10 is releasably movable between positions 
located at ninety degree intervals around the elongated body. In other words, viewmg 
elongated body from one end, instrament 10 may be positioned at a first ninety degree 
position, a second ninety degree position, a tiiird ninety degree position, or a fourth ninety 
1 0 degree position. 

It is advantageous in some embodiments of the invention to limit the number of 
positions to which the articulating bracket 32, and tiiereby the reference 12, may be 
positioned. This is because a predefined physical relationship must be maintained between 
the elongated body 1 1 and tiie reference 12, By limiting the number of positions, the number 
15 of predefined relationships may be more easily defined and tracked. 

Figure 5 illustrates an embodiment of the bracket 30A that is asymmetrically coupled 
to the elongated body 1 1 . Consequenfly, if a reference 12 were coupled to the bracket 30A, 
the reference 12 would also be asymmetrically fixed relative to the elongated body 1 1 . Such 
an arrangement may be beneficial to more effective use on a particular side of a patient and is 
20 sometimes preferred- In otiier instances, a reference may be symmetrically coupled to the 
elongated body 11. Preferences are typicaUy dictated by tiie ability of the image-guided 
surgical navigation system to effectively detect a reference in a particular application. In 
some embodiments, the system's detector is a line-of-site device. 

The reference 12 may also include energy-reflecting surfaces 1 3 that are detectable by 
25 a sensor. Figure 2 shows four such energy-reflecting surfiaces 13 mounted on the reference 
12. As illustrated, the energy-reflecting surfaces 13 reflect energy in at least the visible and 
infrared ranges. However, as discussed in the background section above, various types of 
energy detectors may be employed. Energy-reflecting surface 13 is considered a passive 
device because it does not mtemally generate or convert energy to emit Figure 17 illustrates 
30 an active energy emitting coiBponent 23 that is incorporated into an active reference 22. Note 
that the active reference 22 includes a wire 24 through which electricity is supplied to the 
active energy emitting components 23. As shown, there are four active energy emitting 
components 23. As with the passive device, tiie active energy emitting components 23 may 
be operable with various types of energy detectors. 

10 
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In some embodiments of the invention, the instrmnent 10 may include a handle 40 
(shown in Figures 12, 13,21) connected at proximal end 17. Such a handle 40 would be 
useful in manipulating the instrument 10 during a surgical procedure. The handle 30 may or 
may not be removable fiom instrument 10. ff handle 40 is not removable, bracket 30 may be 
5 a clamp or other device or structure suitable for attaching components to each other. 

Some embodiments of the invention also include a finger 14, shown for example in 
Figure 4. Figure 1 8 shows a variety of finger shapes that may also be advantageous in 
various embodiments of Ihe invention, although different finger shapes may be preferred for 
various procedures. Note that each of these shapes may be placed on flie end of a solid or 
10 cannulated elongated body and may themselves be solid or caimulated. 

The invention may also be embodied in a system for enabling reduction of a firactured 
bone. The system is operable to virtually represent at least one fitictured segment of flie bone 
and virtually represent an instrument for aligning the at least one fractured segment The 
systCTi includes a first reference coupled to flie at least one firactured segment, and a second 
1 5 reference coupled to Ihe instrument The first reference may be coupled to a bone segment 
through which the instrument is inserted. In this case, position and orientation of anoflier 
segment of the bone would have to be determined as well, which could be accomplished in 
any technically effective way. 

Alternatively, the first segment could be coupled to a segment of bone toward which 
20 the instrument was being directed. In any case, the system also includes a detector operable 
to collect position and orientation information regarding the at least one firactured segment 
and ttie instrument As discussed in the background section above, the detector could be an 
infiared camera, visual camera, or any of a variety of sensors capable of detecting any kind of 
reference or characteristic. The system also includes a data processing device operable to 
25 store position and orientation information about one or more firactured segments and the 
instrument. The data processing device calculates virtual positions of the at least one 
fi^ctured segment and the instrument based upon inputs ft^om the detector. Such calculations 
could involve matrix transformations, table look-up fiinctionality, or any other operation 
effective in calculating the respective virtual positions. An indicator device for notifying a 
30 user of the relative positions of the at least on fiactured segment and the instrument is also 
provided. Such an indicator could be a visual cue on a computer screen such as color 
changes or alignment of articulating Unes, sounds, flashes of light, or any device for showing 
a changeable condition, or some combination of any of these. 

11 
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AnoHier embodiment of Ihe invention is a melliod of aligning segments of a fractnred 
bone. As shown in Figure 3, one method includes attaching a first reference, such as a distal 
reference 18, to a first segmoit of a fincturedbone, such as a lowrar portion 20. The position 
and orientation of distal lefoience 1 8 may ften be recorded relative to a first datum. As used 
herein, the term '^recording" includes wifliout limitation capturing or storing in computer 
memory or on a tangible medium such as fihn. Any such acquisition of information 
associated wifli position or orientation, regardless of how ttansirailiy maintained in a system, 
medium, or component is within the definition of recording as used herein. In some 
embodiments of flie invention, recording may include the use of an infirared camera that 
registers the positions of euCTgy-reflecting sur&ces 13. 

Alternatively, a reference may not be coupled with a segmoit of bone, but may be 
attached to a piobe. Such a probe may be recorded at a predetermined anatomical position 
and orientation. Therefore, by knowing the position of tiie reference attached to tiie probe, 
and flie probe's position and orientation on tiie anatomy, flie position of tiie anatomy can be 
calculated. In eitiier case, a position and orientation of flie first segment of tiie bone relative 
to a second datum is recorded. Such a recording may be accomplished by capturing 
fluoroscopic images of tiie first segment As discussed in tiie background section, tiie 
ima^g may be through processes otiier than fluoroscopic imaging, such as CT, MRI, or 
otiier effective technologies. The first datum may be tiie same as tiie second datum, or 
information relating tiie first datum and tiie second datum may be stored such tiiat transforms 
relating tiiehr relative positions may be calculated. As a result, the first segment will be 

located relative to the first reference. 

The term "datum" as used herein is generally a coordinate system to which three- 
dimensional association can be made. As such, a number of datums can be defined and tiien 
assodated to one anotiier by use of fluee-dmiensional tiansforms, matiix calculations, or fixe 
like. Such calculations are well-suited to hnplementation on computing devices. Similariy, 
objects being Hacked can be positioned and oriented relative to a smgle datum. In aay case, 
to effectively track objects' positions and orientations, association among tiie objects must be 
established and maintained. Astrengtiiof flie current system is tiiat sensor or camera 
positions and orientations and patient and mstimnent positions and orientations may change 
relative to one anotiier, but flirou^ flie tracking tiiat embodiments of the invention provide, 
accurate location and bone segment alignment can be acconq^lished. 

As shown in Figrae 2, a second reference, such as bone reference 15, maybe attached 
to a second segment, such as upper portion 16. As witii flie first segment and reference, tiie 
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positions and orientations of the second reference and Ihe second segment are recorded 
relative to respective third and fourth datums, and the second segment is located relative to 
the second reference. 

A third refeience is attached to an instnunent 10, such as a reducer. As described 
5 above, flie reducer is operable to align segments of a fractured bone through the medullary 
canal of the segments. The term "reduced* as used herein may refer more generally to any 
instrument used to assist wifli the aligmnent of bones. As with the first and second 
references^ a position and orientation of the third reference relative to a fifth datum is 
recorded. In the case of a reducer or other instrument, locating the reducer relative to the 

10 third reference is simplified because fliere is a predetermined relationship between the 

reducer and the third reference. As discussed in association with the bracket 30, a single or at 
least finite number of predetermined relationships between portions of the instrument and the 
associated reference may be defined. Given a predetermined setting of the instmment 
relative to the reference, tracking of flie reference is effective to track the instrument. 

1 5 Recording of the third reference position and orientation may be accomplished inter- 
operatively or prior to the beginning of an operation. 

Once all of the references, segments, and instrument (or instruments) have been 
located, they may all be continuous^ or intermittently tracked wifliout the use of fluoroscopy 
for as long as desired. As used herein, "continuously** shall mean at a rate ttiat appears 

20 substantially continuous to a user, but could include tracking accomplished at a standard 
electronic sampling rate such as a rate greater than one sample per second. Typically, this 
tracking is accomplished by use of a conq>uter system that is interfaced with an infrared 
camera or other device, the computer also calpulating transforms regarding each datum and 
its relationship to each other datum. 

25 Insertion of the instrument 10 may be accomplished prior to, during, or after the 

process of recording and locating described above. Witfi each of the fiist segment, the 
second segment, and the reducer being tracked, the reducer can be aligned with a 
representation of the second segment For instance, a surgeon could hold and manipulate a 
first segment of fi:actured bone with an inserted reducer while observing a representation of 

30 ftie second segment on a computer screen. The image on the computer screen may also 

include representations of other bone segments or instruments, such as flie reducer. When an 
indication is received fliat alignment has been achieved, the surgeon inserts the reducer into 
the medullary canal of the second segment The upper portion 16 of a femur shown in Figure 

13 
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2 and the lower portion 20 of a femur shown in Figure 3 are merely examples of the first and 
second segments. 

As previously discussed, flie fiactnred bone need not be a femur. Additionally, the 
first and second segments may be eitiier the lower or upper portions of bone, depending upon 
5 surgeon preference. In mai^r orthopedic procedures, entry can be made ftom two or more 

possible approaches. 

In some embodiments of flie invention, a representation of aUgmnent may include 
only a representation that the first segment and the second segment, each of which is being 
tracked, are aUgned. In other embodiments, the key to a representation of aUgmnent may be 

10 the reducer that is being tracked. 

In some embodiments of flie invention, only two of a first segment, a second segment, 
and an instrument may need to be recorded, located, and tracked. For example, if two 
segments are being tracked, aHgranent of Aose segments could be indicated to the user. 
Given the fact fliat flie user knows fliat the reducer is located in flie medullary canal of one of 

1 5 the segments, flie user would know that the reducer could be pushed into flie medullary canal 
of the oflier segment Similarly, if only the reducer and tiie segment into which the reducer is 
to be inserted second are being tracked, «ie locations of only fliat second segment and the 
reducer could be represented to denser. In flris enibodiment, flie reducer is located in the 
medullary canal of the other segment Therefore, by aUgning flie reducer with the segment 

20 mto which the reducer is to be ms«ted second, flie user has adequate information to 

accurately conq>l6tB flie procedure. 

In other embodiments and for some procedures, ah at least partially flexible reducer 
50. as shown in Figure 21 , may be beneficial. For instance, a surgeon may desne to use a 
flexible reducer if the bone fracture to be aligned or reduced is so misaligned that a rigid 

25 reducer is not wodcable or would be particularly difficult to use. For example, two bone 
segments of a fracture may be so offeet fixan one ano&er fliat a rigid reducer would not 
appropriately engage the second segment In these instances, the at least partially flexible 
reducer 50 of flie present invention could be used. (For the purposes of fliis document, "at 
least partially flexible" and "flexiW mean capable of bemg even sUghtly flexed or bent. 

30 turned, bowed, or twisted, without breaking; or pliable; or yielding to pressure, whether 
strong pressure or sUght pressure.) The flexible reducer 50 is at least partially flexible to 
allow the surgeon to more easily manipulate the flexible reducer 50 in order to properly guide 
it mto the second segment. It should be understood ftat «iere may be other mstances in 
which a flexible reduced 50 may be preferred. 
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Flexible reducer 50 according to the particular embodiment shown in Figure 21 
features an at least partially flexible elongated portion or shaft 52. The at least partial 
flexibility may be provided by a shaft that is hollow, cannulated, or solid. The shaft may 
have a spiral or helical configuration, a laser cut shaft, a shaft of a material that becomes 
5 flexible when subjected to heat (for example, nitinol), a shaft of a thin material that permits 
flexibility, a shaft with a plurality of flexible elements joined by a connection, a shaft: having 
a series of inter-engaged links, a shaft with a plurality of slots (provided in any configuration) 
cut at an angle relative to the shaft, a plastic tube (or any other material that provide at least 
partial elasticity), or any other design that provides a reducer of a flexible nature. Examples 
10 of flexible shafts are provided m U.S. Patent 6,053,922, which is incorporated herein by this 
reference. 

Once flexible reducer 50 has been positioned with respect to both bone segments, the 
surgeon may wish to impart at least partial rigidity to the flexible reducer 50 in order to more 
properly align the bone segments. In this instance, flexible reducer SO can be provided with a 

1 5 separate rigid member (not shown), a feature or features on the flexible reducer 50 itself that 
imparts rigidity to the flexible reducer (also not shown), or any structure or mechanism that 
imparts at least partial rigidity to reducer 50. 

For example, the flexible reducer 50 may be provided with a rigid m^ber with an 
outer diameter smaller than the inner diameter of the flexible reducer 50, such that inserting 

20 the rigid member tiirough the flexible reducer adds rigidity at the desired point in the 

procedure. Alternatively, the flexible reducer 50 itself can be provided with a cable or wire 
disposed through the flexible reducer 50 such that when the cable or wire is pulled taut, the 
flexible shaft 52 is forced to undertake at least partial rigidity. Flexible reducer 50 ijiay 
alternatively be provided with a trigger, such ttiat once the trigger is activated, the flexible 

25 portions become rigid. The flexible portions may be made rigid by a magnetic force, by a 
mechanical force, or any otiier mechanism that imparts at least partial rigidity to the flexible 
reducer 50 at a specified time during the surgery. It should be understood that any feature 
that provides an at least partially flexible reducer 50 with at least partial rigidity is considered 
a feature that imparts at least partial rigidity to the reducer within the scope of this invention. 

30 One challenge presented with the use of a flexible reducer 50 is the feet that, by its 

very nature, it is flexible, and thus, does not retain a rigid position fix)m tip 54 to end 56 in 
relation to reference 12. This presents a challenge to the use of the image-guided systems 
and methods described herein, because the flexible elongated portion 52 will not necessarily 
remain in a fixed position with respect to the reference 12 (or any other reference point b^g 
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used, such as a bone segment, anoAer instrument, a surgical table, etc.) in order to provide 
the surgeon with accurate cues about its physical position. Thus, there is also a need to 
provide a way to determine the position of flie flerible elongated portion 52 when it is flexed 

in a particular direction. 

Flexible reducer 50 is consequently provided with one or more location elements 75. 
One or more location elements 75 assist «ie detenmnation of at least portions of the physical 
relationship ofthe flexible elongatedportion 52 wifliiespectto reference 12. Alocation 
element 75 maybe provided at or near the tip 54 of flexible elongated portion 52, at or near 
the middle of flexible elongated portion 52, at multiple positions along the flexible elongated 
portion 52, or any combmation of these positions. The location elements may be spaced as 
close together or as fer apart as necessary. The more location elements 75 provided, Ae more 
trackability is provided to flexible elongated portion 52. 

Location element 75 may be any component or device that permits the physical 
position of flexible elongated portion 52 to be sensed, detected, imaged, or mapped with 
lespect to reference 12. For example, location elements 75 may be sensed actively or 
passively by one or more of the foUowmg methods: inftared, visual, reflective, sound, 
ultrasound, radio waves, mechanical waves, magnetic, electromagnetic, electrical, x-ray, GPS 
systems or chips, transponder, transducer, or any ofterdesned technique. This list is not 
intended to be inclusive, and any way in which flie location of flexible elongated portion 52 
can be relayed to a component that can track, sense, image, or map flexible elongated portion 
52 for the surgeon to view is considered within flie scope of Ms invention. It should be 
understood, however, that the flexiT>le dong^ portion 52 will be positioned within patient 
tissue m use, so the location method chosen should be able to sense location element 75 
through various tissues, such as bone, muscle, blood, and skin. 

Location elements 75 are preferably configured to sense, track, hnage, and map the 
physical position of reducer 50 in any plane, location, and/or orientation. In other words, in 
addition to sensing and tracking the medial-to-lateral movement of flexible reducer 50, 
location elements 75 are also preferably adapted to sense and track anterior-to-posterior 
movement 

Location elements may be provided in any configuration or any shape. It is possible 
for location elements 75 to sense 2-dhnensional movement for a rough view ofthe reducer's 
location and orientation. In ofliernspects ofthe invention, the location elements 75 sense 3- 
dhnensional movement and provide a finer abiBty to sense and track the location and 
orientation of reducer 50. Location elements 75 may be provided in any shape or 
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configuration, such as the square-like elements 75 shown in Figure 21, oval or round-like 
elements, cross-shaped elements, band-shaped elements, indented elements, bead-shaped 
elements, and so forth. 

Location elements may be located along only one side of flexible elongated portion 
5 52, wrapped around elongated portion 52, positioned in specific increments from one anoAer, 
or scattered in various, unequal positions about elongated portion 52. As previously 
mentioned, embodiments according to various aspects of this invention may include only a 
single location elCTient 75. 

A single location element 75 may be used to track and sense the location and 

10 orientation of elongated portion 52 with respect to reference 12. To the extent that any other 
reference point is being used, such as another instrument, a bone segment, or another 
reference point, it is preferred that two or more location elements 75 be provided. 

Location elements 75 may operate in conjunction with systems which are preferably 
coimected to other systems according to various aspects of the invention which sense and 

1 5 track references 12, body portions, instruments, components of other devices, and so forOi. 

Embodiments of tide invention are directed toward enabling reduction of a firactured 
bone by virtually representing at least one fractured segment of the bone and virtually 
representing an instrument for aligning two or more segments of bone. As described above, 
positions and orientations of a segment of bone and an instmment may be recorded and 

20 tracked in three-dimensional space with the use of cameras or sensors, imaging devices, and a 
digital computer. Then, through the use of a sound, visualization, or other stimulation, an 
indication that alignm^t has been achieved is provided to a user. Altematively or in 
addition, indications regarding the progress of alignmmt may be provided to the user. 
•Tracking" as defined for use in this embodiment can include both detecting distinguishing 

25 characteristics, such as references or instrument configurations, and processing information 
regarding changes in position and orientation. 

Therefore, embodiments of the invention provide for the location and tracking of bone 
segments and instruments such that the instruments may be aligned to assist with fixation or 
therapy. This is accomplished with reduced numbers of x-ray, fluoroscopic, and otiier such 

30 energy-intense imaging devices. There is no requir^ent for pie-operative imaging or any 
surgical procedures prior to the primary procedure. With various embodiments of the 
invention, continuous or nearly continuous monitoring of bone segment and instrument 
positions is accomplished. Therefore, rapid alignment of bone segments and instruments is 
facilitated using images of at least one of the bone segmmts in combination with images 
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Of one or moie implements, iBStiuments. trials, guide wires. Bails, reducers, other surgicany 
related items, or ofl»er bone segments which are properly positioned and oriented in the 
ima^. 
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WHAT IS CLAIMED IS: 

1 . An instrument operable with an image-guided surgical navigation system for aligning 
fiactured segments of a bone comprising: 

an elongated body; and 

5 a reference coupled to the elongated body for enabling the instrument to be located by the 
image-guided surgical navigation system; 

characterised in that the reference has a predefined physical relationship with the elongated 
body such that by observing the position and orientation of flie reference relative to one or 
more of the fiactured segments, the position and orientation of the elongated body relative to 
10 one or more of the fiactured segments can be determined. 

2. An instrument according to claim 1 , characterised in that the elongated body is 
characterised by having at least one of flie following features: tubular, solid, greater than half 
the greatest l^gth of the fi:actured bone, less than or equal to half the greatest length of the 

1 5 fi^tured bone, substantially straight, curved, and substantially the same curvature as an 
implant to be used to fix the bone segments in place. 

3 . An instrument according to either of claims 1 or 2, characterised in that the reference 
comprises an ener©r-reflecting surface characterised in that the reflected energy is detected 

20 by a sensor. 

4. An instrument according to eitiber of claims 1 or 2, characterised in that tiie reference 
comprises an energy-emitting component that characterised in that the energy is detected by a 
sensor. 

25 

5. An instrumCTtt according to any one of claims 1-4, characterised in that the reference 
is removably coupled to the elongated body. 

6. An instrument according to any one of claims 1-5, characterised in that the reference 
30 is symmetrically co\q)led to flie elongated body such fliat the instrament can be effectively 

used on either side of a patient 
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7. An mstrument according to any one of claims 1-5, characterised in that flie reference 
is symmetrically coupled to &e elongated body such that the instrument is more effectively 
useable on one side of a patient. 

5 8. An instnnnent according to any one of claims 1-7, characterised in that the reference 
is leleasably movable relative to the elongated body such ttiat flie instrament can be 
efifectively used on either side of a patient by moving flie reference among two or more 
predetermined positions. 

10 9. An instrument according to any one of claims 1-8, characterised in that the reference 
is releasably movable between positions located at ninety degree mtervals around tiie 
elongated body 

10. An msliument according to any one of claims 1-9, fiirflier comprising a handle 
15 coupled to one end of the elon^ted body. 

11. An mstmment accordmg to ai^ one of claims 1-10, further comprising a curved tip. 

12. An mstnnnent according to any one of claims 1-1 1, characterised in that flie elongated 
20 body is at least partially flexible. 

13. An instrument accordmg to any clahn 12, characterised in that the at least partiafly 
flexible elongated body comprises one or more location elements that can be sensed in 
location actively or passively. 
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14. An mstrument accordir»g to claim 13, characterised in that the one or more location 
elements can be sensed in location usmg one or more of fte followmg techniques: mfiared, 
visual, reflective, sound, ultrasound, radio wave, mechanical wave, magnetic, 
electromagnetic, electrical, x-ray, GPS systems or chips, transponder, or transducer. 

15. An instnunent according to any one of clahns 12-14, characterised in that the at least 
partially flexible elongated body comprises a feature that imparts at least partial rigidity to the 
reducer. 
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16. A system for enabling reduction of a ftactured bone opeiable to virtually represent at 
least one fractured segment of the bone and virtually represent an instrument for aligning the 
at least one fractured segment comprising: 

a first reference coupled to the at least on fractured segment; 
5 a second reference coupled to the instrument; 

a detector operable to collect position and orientation information regarding the at least one 
firactured segment and the instrument; 

a data processing device operable to store position and orientation information about the at 
least one fractured segment and the instrument, and to calculate virtual positions of the at 
1 0 least one fractured segment and the instrument based upon iiq>ut5 from the detector; and 
an indicator device for notifying a user of the relative positions of the at least one fractured 
segment and the instrument. 

17. A method of aligning segmsnts of a fractured bone comprising: 
inserting a reducer operable to align segments of a fractured bone into a medullary canal of a 
second segment of fractured bone; 

attaching a first reference to a first segment of a fractured bone; 
recording a position and orientation of the first reference relative to a first datum; 
recording a position and orientation of the first segment relative to a second datum; 
locating the first segment relative to the first reference; 
attaching a reducer reference to the reducer; 

recording a position and orientation of Hie reducer reference relative to a third datum; 
locating the reducer relative to the reducer reference; , 
aligning the reducer witii a representation of the first segment; and 
inserting the reducer into a medullary canal of the first segment, 

characterised in that the reducer is used to assist aligning the segments of the fim^tured bone. 

18. A melhod according to claim 1 7, further comprising 
attaching a second reference to the second segment of a fractured bone; 

30 recording a position and orientation of the second reference relative to a forth datum; 
recording a position and orientation of the second segment relative to a fifth datum; 
locating the second segment relative to the second reference. 

21 
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19. A melhod accoiding to any one of claims 17-18, characterised in that the recording a 
position and orientation of fl»e references or the segments viewing the references or the 
segments ynfti an infiared camera. 

20. A method accoiding to any one of claims 17-19. characterised in lhat the recording a 
position and orientation of Ihe first segment or flie second segment comprises capturing a 
fluoroscopic image of &e first segment or the second segment 

21 . A me&od according to any one of claims 1 7-20, characterised in that the locating the 
first segment relative to &e first reference comprises continuously trackmg the first reference 
until the reduce is aligned. 

22. A melhc J according to any one of claims 17-21, characterised in that the locating the 
second segment relative to the second reference comprises contmuously tracking the second 
reference until the reducer is aUgned. 

23. A method according to any one of clahns 17-22, characterised in that the first datum, 
second datum, third datum, fourfli datum, and fifBi datum are a common datum. 

24. A method according to any one of claims 1 7-22, characterised in «iat Ihe first datmn. 
second datum, third datum, fourth datum, and fifth datum are related to one another by 
calculable tjransfoims. 

25. A mefliod accordmg to any one of claims 17-24, characterised m «uit the aligning the 
reducer wi& a representation of the first segment comprises aligning the first segment 
relative to die second segment, characterised in fliat the reducer is mserted in Ihe second 
segment. 

26. A method according to any one of claims 17-24, characterised in that the aHgning the 
reducer wifli a representation of fiie first segment comprises aKgning die reducer relative to 
the first segmemt 
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27. A method according to any one of claims 1 7-26, characterised in that the attaching a 
reducer reference to a reducer comprises attaching a reducer reference to an at least partially 
flexible reducer. 

5 28. A method according to any one of claims 17-26, characterised in that the attaching a 
reducer reference to a reducer comprises 

attaching the reducer reference to at least partially flexible reducer that comprises one or 
more location elements; 

recording a position and orientation of the one or more location elements relative to the 
10 reducer reference attached to the at least partially flexible reducer, 

locating ttie one or more location elements relative to the reducer reference; and 
establishing the orientation of the one or more location elements. 

29. A method according to either of claims 27 or 28, fiirther comprising: 

1 5 applying a force to the at least partially flexible reducer in order to impart at least partial 
rigidity to the reducer. 

30. A method of enabling reduction of a fractured bone by virtually representing at least 
one ftactured segment of Ae bone and virtually representing an instrument for aligning two 

20 or more segments comprising: 

recording a position and orientation of a first segment of the bone; 
tracking fte position and orientation of the first segment; 

recording a position and orientation of flie instrument for aligning the segments; 
tracking the position and orientation of the instrument; and 
25 indicating through a virtual representation to a user that alignment has been achieved such 
that the instrument may be engaged with the first segment and a second segment. 

31. A method according to claims 30, characterised in that the recording a position and 
orientation of the first segment, tiie second segment, or the instrument comprises storing data 

30 in a computer, the data numerically representing a three-dimensional position and orientation 
of the first segment, the second segment, or the instrument 
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32. A method acscording to any one of claims 30-3 1 , chaiacterised in that flie tracking the 
first segment or flie second segment comprises calculating changes to the data responsive to 
changes in the position and orientation of flie first segment or the second segment 

5 33. A metiiod according to any one of clauns 30-32, characterised in that the mdicating 
that aligmnent has been achieved comprises mdicating tiiat at least two of the first segment, 
the second segment, and the instrument are aligned. 

34. A method according to any one of claims 30-33, further comprising: 
10 recording a position and orientation of a second segment of the bone; and 

tracking the position and oriratation of the second segment 

35. A method accordmg to any one of claims 30-34, characterised in that the recording a 
position of recording a position and orientation of the first segment relative to a second datum 

15 further comprises detecting at least a portion of the second segment through the skin of a 
patient 

36. A method according to any one of claims 30-35. characterised in that the aligning tiie 
reducer with a representation of the first segment further comprises generating an image that 

20 comprises a representation of the first segment and a representation of the reducer. 

37. A mefliod according to any one of claims 30-36, characterised in that the recordmg a 
position and orientation of the instrumeait for ahgning flie segments and the tracking the 
position and orientation of the mstrument comprise recording and tracking an at least 

25 partially finable reducer. 

38. A method according to any one of claims 30-36, characterised in tiiat the recordmg a 
position and orientation of the instrument for ahgnmg the segments and the trackmg the 
position and orientation of the instrument comprise 

30 recording and trackmg an at least partially flexible reducer that comprises one or more 
location elements; 

recording a position and orientation of the one or more location elements; 
trackmg the position and orientation of the one or more location elements; and 
establishing the orientation of the one or more location elemeirts. 
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39, A method according to either of claims 37 or 38, further comprising: 

applying a force to the at least partially flexible reducer in order to impart at least partial 

rigidity to the reducer. 
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